Abstract The adaptations of the human body resulting from the aging process especially loss of flexibility can increase the risk of falls and the risk of developing other health conditions. Exercise training, in particular the Pilates exercise method, has become an important form of physical activity that minimizes the deleterious effects of aging on flexibility. Few studies have evaluated the effect of this training method on body flexibility among elderly. We aimed to evaluate the effects of physical training using the Pilates method on body flexibility of elderly individuals. Eighteen elderly women and two elderly men (aged 70 ± 4 years) followed a 10-week Pilates training program. Individuals were recruited from the local community via open invitations. At study entry, none of them had limited mobility (walking requiring the use of walkers or canes). Furthermore, those with neurologic, muscular, or psychiatric disorders as well as those using an assistive device for ambulation were excluded secondary to limited participation. Flexibility assessment tests (flexion, extension, right and left tilt, and right and left rotation of the cervical and thoracolumbar spine; flexion, extension, abduction, and lateral and medial right and left rotation of the glenohumeral joint; flexion, extension, abduction, adduction, and lateral and medial rotation of the right and left hip; and flexion of the right and left knee) were performed by a blinded evaluator using a flexometer before and after the training period. All assessments were carried out at the same time of day. There was an observed increase in flexion (22.86 %; p < 0.001), extension (10.49 %; p < 0.036), and rotation to the left side (20.45 %; p < 0.019) of the cervical spine; flexion (16.45 %; p < 0.001), extension (23.74 %; p = 0.006), lateral bending right (39.52 %; p < 0.001) and left (38.02 %; p < 0.001), and right rotation (24.85 %; p < 0.001) and left (24.24 %; p < 0.001) of the thoracolumbar spine; flexion (right-8.80 %, p = 0.034; left-7.03 %, p = 0.050), abduction (right-20.69 %, p < 0.001; left-16.26 %, p = 0.005), and external rotation (right-116.07 % and left-143 %; p < 0.001 for both directions) of the glenohumeral joint; flexion (right-15.83 %, p = 0.050; left-9.55 %, p = 0.047) of the hips; and bending (right-14.20 %, p = 0.006; left-15.20 %, p = 0.017) the knees. The joint with the greatest magnitude of improvement was the thoracolumbar spine. Thus, this type of training may minimize the deleterious effects of aging and may improve the functionality of elderly individuals, which would reduce the likelihood of accidents (especially falls).
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Introduction
During recent decades, the proportion of elderly individuals has increased globally. Evidence suggests that the global elderly population totaled approximately 800 million people in 2012, which represented 11 % of the population (USA 2013) . Projections indicate that the number of elderly individuals will exceed 2 billion people by 2050, representing 22 % of the world's population (USA 2013). According to the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística-IBGE), there will be approximately 30 million elderly individuals in Brazil by 2025, a number that corresponds to 10 % of the Brazilian population (IBGE 2009 ). This phenomenon should be accompanied by greater attention from society to elderly individuals (IBGE 2009; IBGE 2010) . Such changes should include both preventive measures that can mitigate the physiological processes caused by aging and adequate treatment of specific diseases of this age group.
The aging process is characterized by natural wear of body systems, especially changes in the neuromuscular system, such as loss of sensory and motor neurons; loss of muscle mass (sarcopenia), especially type II fibers (Rosenberg 2011; Granacher et al. 2013) ; and decreased flexibility levels (Coelho et al. 2000) . The main consequence of these changes is decreased functional capacity, which may increase the risk of falls, decrease the performance of activities of daily living, and reduce quality of life (Fabre et al. 2007; Vieira et al. 2013; Emilio et al. 2014) . In addition to physical losses associated with aging, the elderly progressively reduce their levels of physical activity and become more sedentary, which may be associated with a decline in quality of life (Battaglia et al. 2014) .
The American College of Sports Medicine recommends that health-related physical fitness should consider aerobic fitness, adequate body composition, muscular strength, and appropriate level of flexibility (ACSM 2011). Thus, trunk muscle strengthening is extremely important because these muscles provide stability and mobility to the individual and are thus essential to strength, muscular endurance, and level of flexibility of this region allowing to performing activities of daily living (Richardson et al. 1999; Kibler et al. 2006) . In addition to muscle strengthening, maintaining the flexibility of the body is very important because it allows adequate joint movements to be performed, thus decreasing the risk of lesions (Spirduso et al. 1995) .
Flexibility can be defined as the adequate physiological range of motion of a given joint (Holland et al. 2002) and has an essential role in the performance of simple or complex movements involved in activities of daily living. In addition to compromising the performance of everyday movements, decreased flexibility may result in musculoskeletal damage (Badley et al. 1984) . With advancing age, the range of motion decreases, and according to Holland et al. (2002) , depending on the joint, a loss of up to 50 % of flexibility can be observed (Holland et al. 2002) . Some studies (Narici et al. 2003; Baroni et al. 2013a ) have suggested that the muscle fiber length of elderly individuals is shorter compared to that of young individuals. Such muscle adaptation may be associated with decreased flexibility in elderly individuals, which results in reductions in mobility and the ability to walk (Narici et al. 2003) , hindering the performance of their activities of daily living (Mota et al. 2006) . Previous studies (Bassey et al. 1989; Fabre et al. 2007 ) have reported an association between quality of life or life satisfaction and upper body flexibility in older people.
Because the aging process causes several structural and functional changes, exercises aimed at muscle strengthening and/or increased flexibility in large joints are extremely important for the elderly population. Among the different types of physical training, the Pilates method has emerged as an option to reduce changes caused by the aging process. This method was developed by German national Joseph Pilates . Initially, Pilates was practiced by dancers, but it later spread to the general population. This method results from the combination of Eastern and Western techniques and involves several arts, such as philosophy, yoga, dance, and gymnastics and focuses on trunk strengthening to promote increased strength, flexibility, coordination, and balance (Johnson et al. 2006) .
There are some articles about Pilates method exercises (Sekendiz et al. 2007; da Luz et al. 2014; Campos de Oliveira et al. 2015) . However, to the best of our knowledge, very few articles aimed at evaluating the effect of this method on body flexibility among elderly individuals. Thus, considering the adhesion to the Pilates method is substantial and the need to have an appropriate level of flexibility to health-related physical fitness, the present study aims to evaluate the effects of physical training with the Pilates method on the body flexibility of elderly individuals. Based on the literature (Plachy et al. 2012; Bullo et al. 2015) , we hypothesize that a Pilates training program can improve body flexibility in elderly individuals.
Materials and methods
This study adopted a single-group, repeated-measures (before and after 10-week exercise program) design. Twenty-five elderly individuals (22 females and 3 males), with a mean age of 69 ± 5 years, were included in the study. They were recruited from the local community via open invitations (on the radio and local newspaper). On the first contact, they were asked if they had limited mobility (walking requiring the use of walkers or canes) and only those without mobility difficulties were included in the study. Five individuals withdrew from the study because they found it hard to perform some exercises (frog position and coordination of upper and lower limbs- Table 1 ). Furthermore, those with neurological or muscular conditions, psychiatric disorders, and who were not able to perform the proposed activities were excluded at the beginning of the study. Thus, our final sample comprised 20 elderly individuals (18 females and 2 males) aged 70 ± 4 years.
The project was approved and registered at the Research Unit of the Cardiology Institute/University Cardiology Foundation of Rio Grande do Sul (Unidade de Pesquisa do Instituto de Cardiologia/ Fundação Universitária de Cardiologia) under protocol no. 5038/14 and was approved by the Research Ethics Committee in Opinion no. 925406.
Flexibility evaluation
The same evaluator performed flexibility assessment tests before and after the intervention. All assessments were carried out at the same time of day (from 8:00 to 11:00 am according to individual availability). We used an independent evaluator trained in flexibility assessment and blind to the study intervention to minimize potential bias in the primary outcome assessment.
A flexometer (Instituto Code de Pesquisa, Brazil) was used for determining flexibility (Leighton 1987) . It is the gold standard test with high reliability and high validity (Clark et al. 1989; Florêncio et al. 2010; de Oliveira Gouveia et al. 2014) . This is a watch-shaped device with a pointer that operates freely with movement controlled by gravity. The two dial indicators show zero degree in a perfect horizontal position and at rest. The device is strapped to the individual's limb, and flexibility is tested by slowly moving the joint being examined through its full range of motion, avoiding pressing in the last phase of the movement. Measurements are recorded in degree units (Leighton 1987) . All movements are actively performed, i.e., without any help.
The following movements were evaluated: flexion, extension, right and left tilt, and right and left rotation of the cervical and thoracolumbar spine; flexion, extension, abduction, and lateral and medial right and left rotation of the glenohumeral joint; flexion, extension, abduction, adduction, and lateral and medial rotation of the right and left hip; and flexion of the right and left knee.
Training protocol Table 1 provides a complete description of the exercises used, which are based on the Pilates method, briefly, cat, saw, back-to-back medicine ball pass, spinal rotation, spine twist, mermaid, lateral flexion, roll hip, leg stretch, short spine, one-leg circle, frog, one-leg kick, hip rotation, hip stretching, hip flexors, side arms, and coordination (i.e., coordination of lower and upper limbs).
The protocol was applied for 60 min on nonconsecutive days, three times per week, for 10 weeks. In total, 8 to 10 repetitions were performed for each exercise, according to their level of difficulty. The exercise order was maintained throughout the protocol.
At week 2 (training session 4), since five individuals withdrew from the study because they found it hard to perform some exercises, the Borg Rating of Perceived Exertion (6-20 point scale) was used to monitor training intensity (Borg 1982) . The mean Borg rating score was 12 for the first 5 weeks and 14 for the remaining 5 weeks of the training program.
Statistical analysis
Data normality was evaluated using the Shapiro-Wilk test, and data are expressed as means and standard deviations. The periods before and after the intervention 
Exercises applied in the physical training proposed (Pilates method)

Exercise name Description
Cat Individuals kneel with the ball in front of them, keeping the back aligned, the pelvis neutral, and the abdomen contracted, and place their hands on the ball (position 1). They inhale to prepare the movement. Then, they exhale and roll the ball forward (position 2) until their spine is parallel to the floor. Then, they inhale and exhale, rolling the ball backward until returning to position 1.
Saw
Individuals sit on their ischial tuberosities with the ball between their legs and their arms on the ball (position 1). They inhale and rotate the torso to the right with the left arm extended on the ball (position 2). They inhale and return to position 1.
Back-to back medicine ball pass
Individuals stand back to back with a partner, with legs and feet parallel, abducted, and aligned with the waist, keeping the spine in a neutral positon and the abdomen contracted (position 1). They inhale, place the arms above their head, and extend the spine, passing the ball over to their partner (position 2). They inhale, exhale, and return to position 2.
Spinal rotation
Individuals stay in the supine position, keeping the spine aligned, the abdomen contracted, arms apart from the body, the posterior thigh muscle on the ball, and legs at a 90° angle (position 1). They inhale and prepare the movement, then exhale, keeping the torso balanced and slightly rotating the hip, rolling the ball to the right (position 2). They inhale, exhale, and return to position 1.
Spine twist
Individuals sit with their ischial tuberosities on the ball, keeping the abdomen contracted, the spine aligned, the pelvis in a neutral position, arms crossed/abducted at shoulder level, legs at a 90° angle, and feet flat on the floor (position 1). They inhale and prepare the movement, then exhale and rotate the torso, keeping the hip stabilized (position 2). They inhale, exhale, and return to position 1. 
Mermaid
Individuals sit with their ischial tuberosities on the ball, keeping the abdomen contracted, the spine aligned, the pelvis in a neutral position, arms along the body, legs at a 90° angle, and feet flat on the floor (position 1). They exhale, holding the arm and flexing the spine laterally (position 2). They inhale and return to position 1.
Lateral flexion
Individuals stand with legs extended and slightly rotated outward, keeping the spine in a neutral position, the abdomen contracted, and arms extended above the head. They place the right leg extended over the ball (position 1). They inhale and prepare the movement, then exhale, flexing the torso laterally, and inhale to return to position 1.
Roll-hip
In the supine position, keeping the pelvis and the spine in a neutral position, the knees flexed, feet apart, and aligned with the hips and arms along the body (position 1), individuals inhale and prepare the movement, then exhale, flexing the lumbar spine and elevating the coccyx (position 2). They inhale and exhale, slowly moving the spine, vertebra by vertebra, until they return completely to position 1.
Leg stretch
In the supine position, keeping elbows bent, the head supported by the hands, and legs slightly apart on top of the ball (position 1), individuals inhale and prepare the movement, then exhale, extend the left leg, inhale, and return to position 1.
Short spine
In the supine position, keeping the abdomen contracted, the spine aligned, and arms along the body, individuals flex their knees, placing the ball between the legs, keeping their feet in dorsiflexion (position 1). They inhale and prepare the movement, then exhale and extend the legs to a 90° angle with the hips (position 2). They inhale, exhale, and return to position 1. One-leg circle Individuals start in the supine position with one leg elevated relative to the hip (position 1). Keeping the abdomen contracted and arms along the body, they inhale and prepare the movement. Then, they exhale and make a large circle with the leg in the counterclockwise direction, keeping the hip on the floor (positions 2, 3 and 4) until returning to position 1.
Frog
Individuals start in the supine position, facing the wall, keeping the spine in a neutral position, the abdomen contracted, arms along the body, palms facing down, feet in external rotation, heels together pressing the ball, and knees flexed and apart, aligned with the shoulders (position 1). They inhale and prepare the movement, then exhale and roll the ball on the wall with their feet elevated, extending the knees. They inhale and return to position 1.
One-leg kick
In the prone position, keeping the forearms on the floor, elbows aligned with the shoulders, and arms parallel, individuals inhale to prepare the movement (position 1). Then, they exhale, performing a vigorous flexion of one of the legs toward the gluteus (position 2), pressing the pelvis against the floor. They inhale, exhale, and return to position 1.
Hip rotation
While standing, individuals place the foot laterally on the ball (position 1). Keeping the spine in a neutral position, the abdomen contracted, and arms apart at the shoulder level, they inhale to prepare the movement. Then, they exhale and perform an internal rotation with the leg on top of the ball (position 2), then inhale and return to position 1.
Hip stretching
Individuals start in the supine position, facing the wall, keeping the spine in a neutral position, the abdomen contracted, arms along the body, palms facing down, the left leg flexed with the foot pressing the ball against the wall, and the right leg crossed with the ankle resting on the left leg (position 1). They inhale to prepare the movement, then exhale and extend the left leg, keeping the right leg in the same position. Then, they inhale, exhale, and return to position 1.
were compared using Student's t test for paired data, and a 5 % significance level was adopted. The software used for the statistical analysis was SPSS version 19.0. 
Results
Hip flexors
While standing, keeping legs extended and parallel, the spine in a neutral position, the abdomen contracted, shoulders relaxed, and arms abducted at shoulder height, individuals flex the left knee, place their instep on the ball (position 1), and inhale to prepare the movement. They exhale and extend the left leg, bringing the ball backward and away from the body. Then, they inhale and exhale, bringing the ball toward the body (position 1).
Side arms
Kneeling beside the ball, keeping the spine and the pelvis in a neutral position, the abdomen contracted, the right arm abducted, and the hand on the ball (position 1), individuals inhale to prepare the movement, then exhale and roll the ball forward, keeping the posture aligned. Then, they inhale and roll the ball forward (position 2), then exhale and return to position 1.
Coordination of upper and lower limbs
In the supine position, keeping the legs at a 90° angle, knees flexed, arms extended, and hands holding the ball (position 1), individuals inhale to prepare the movement. Then, they exhale and extend the arms above the head and slightly backward, while extending the legs at a 45° angle (position 2). They then inhale and return to position 1.
The description of movements in Table 1 
Discussion
This study aimed to evaluate the effects of a physical training program, based on the Pilates method, on the flexibility of elderly individuals. Our findings showed increased flexibility in most joints studied, which is consonant with the results of other studies that evaluated the effects of the Pilates method on the flexibility of other populations. Segal et al (2004) subjected 47 adult individuals (45 women and 2 men; mean age of 41 years) to a 6-month physical training program that used the Pilates method. The flexibility was evaluated using the Bfinger-to-floor distance^test, which consisted of touching the floor with the fingertips while keeping the knees extended. At the end of 6 months of intervention, there was an increase in individuals' flexibility. Although the training period of Segal and coworkers was longer, their results can be compared with ours because the authors evaluated the flexibility of individuals 2 months after the beginning of the intervention. During this period, individuals already exhibited a significant increase in flexibility, which is consonant with our results. In addition, even shorter periods of Pilates practice seem to cause changes in flexibility (Segal et al. 2004) . A strength of our study is the use of a flexometer to measure the degree of bending. It allowed more accurate measures compared to the linear flexibility measurement (fingertips distance from the ground) used by Segal et al.
While long-term practice of the Pilates method can have positive results for flexibility, the study of Sekendiz and colleagues showed that a short period of practice could also increase flexibility. The authors subjected 21 physically inactive women (mean age of 30 years) to a 5-week Pilates training period (twice per week). In addition to improving abdominal muscle strength and endurance, the authors observed increased flexibility in participants in the sit and reach test (Sekendiz et al. 2007 ).
The results reported by Segal and Sekendiz evidence the importance of Pilates practice for the flexibility of the skeletal muscles in middle-aged individuals, which is also corroborated by other studies (Emery et al. 2010; Kibar et al. 2015) , especially for posterior trunk and thigh muscles. These studies found that the Pilates method provides improved muscle range of motion, postural alignment, and flexibility of various joints even in younger and middle-aged individuals with no loss of flexibility and core muscle from the aging process. Fig. 1 Flexibility of the cervical spine in relation to the movement evaluated, before and after the intervention. Asterisk indicates a significant difference between the periods before and after the intervention (p < 0.05) Fig. 2 Flexibility of the thoracolumbar spine in relation to the movement evaluated, before and after the intervention. Lat lateral, R right, L left. Asterisk indicates a significant difference between the periods before and after the intervention (p < 0.05) Studies have shown that poor flexibility may contribute to the development of lower back pain and body imbalance (Lan et al. 2008; Iwamoto et al. 2009 ). Previous studies (Kado et al. 2004; Imagama et al. 2011) have reported that sagittal imbalance can cause gait disorder and increased risk of falling. According to Imagama et al. (2011) , sagittal balance involves both good thoracolumbar range of motion and back muscle strength, which stresses the importance of flexibility and strength exercises for older people. In addition, Skelton (2001) and Emilio et al. (2014) reported that exercises focused on improving flexibility are effective for preventing falls in elderly.
According to the principles that rule physical training, tissue adaptations occur when the demands imposed by training are higher than the usual demands (Kraemer and Ratamess, 2004) . In addition, the specificity of responses depends on the training performed (Kraemer and Ratamess, 2004; Zatsiorsky and Kraemer, 2006) . Our results are explained by the specificity of some exercises performed in the training period. Exercises such as cat, saw, leg stretch, short spine, one-leg circle, mermaid, and lateral flexion may have contributed to improving the flexibility of the trunk, thigh, and shoulder muscles and/or related joints because they required greater flexibility of these muscles. Studies that used similar exercises to the present study also evidenced a significant increase in flexibility especially of the trunk and hip (Sekendiz et al. 2007 ; Alves de Araujo et al. 2012) .
The aging process causes major losses to the body. Reduction of muscle mass is considered the major cause of strength loss in elderly individuals (Doherty 2003) . The loss of muscle mass may cause a decrease in the number of sarcomeres in series in the muscle fiber (Kubo et al. 2003; Narici et al. 2003; Morse et al. 2005; Baroni et al. 2013b ), which could be associated with decreased flexibility. Studies have demonstrated that exercise programs that focus on eccentric contractions (Duclay et al. Fig. 3 Flexibility of the glenohumeral joint in relation to the movement evaluated, before and after the intervention. Asterisk indicates a significant difference between the periods before and after the intervention (p < 0.05) Fig. 4 Flexibility of the right and left hip in relation to the movement evaluated, before and after the intervention. Asterisk indicates a significant difference between the periods before and after the intervention (p < 0.05) 2009; Potier et al. 2009; Baroni et al. 2013b) or high-intensity flexibility training (Freitas and MilHomens, 2014 ) may increase the muscle fascicle length and may thereby increase the range of motion (Potier et al. 2009; Freitas and Mil-Homens, 2014) . In the present study, individuals were exposed to eccentric loads and high stretching levels during the training period. Although the fascicle length was not evaluated in this study, we believe that the training program may have caused morphological changes in the skeletal muscle of the individuals analyzed and may therefore have contributed to the increased flexibility observed.
The relationship between range of motion and fascicle length is not consensual in the literature. Studies have reported increased range of motion without changes in muscle fascicle length (Konrad and Tilp, 2014; Lima et al. 2015) . Increased range of motion could be associated with neural (Magnusson et al. 1996; Guissard and Duchateau 2006) and/or mechanical muscle changes (Fowles et al. 2000) . Thus, changes in the range of motion seem to depend on other factors that could also be associated with the flexibility gains observed in the present study.
Although some joints exhibited increased flexibility for some movements, other movements were not changed after the training period. The low specificity of the training program and the low range of specific movements may explain these results. It seems that the exercises that involved shoulder extension (roll hip), extension (back-to-back medicine ball pass, roll hip, hip flexor), abduction (lateral flexor, saw), and hip rotation did not cause sufficient overload to promote changes in flexibility. In addition, the training program did not have specific exercises for lateral cervical spine tilt and hip adduction. Thus, no changes in flexibility were expected as a result of these movements. Finally, cervical spine rotation movements exhibited different behaviors after the training period. Whereas left rotation exhibited increased flexibility, right rotation remained unchanged. Although the training program did not consist of specific cervical spine rotation exercises, a greater preference for left cervical rotation during the Bback-toback medicine ball pass^exercise may have occurred. However, this movement was not controlled during the performance of this exercise, and we cannot guarantee that the preference for left cervical rotation caused the difference in results.
Study limitations
We critically assessed the study limitations and offer some suggestions. Stronger evidence would have been attained: (i) using a randomized design; (ii) using subjective rating scales for monitoring training sessions including the Borg rating scale, pain scale, and satisfaction or well-being questionnaires, among others; and (iii) assessing the effects of the primary outcome on the activities of daily life, well-being, and quality of life. Despite these limitations, the study showed some important implications that need further investigation. 
Conclusions
A 10-week training program that used the Pilates method improved the flexibility of elderly individuals. This type of training may minimize the deleterious effects of aging and may improve the functionality of these individuals, which would facilitate the performance of their activities of daily living and would most likely reduce the likelihood of accidents (especially falls).
